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FIELD OF THE INVENTION 

This invention relates to amplification systems for radio frequency signals and in 
particular but not solely to envelope elimination and restoration (EER) techniques 
for radio transmitters. These techniques involve primarily digital rather than analog 
signal processing and a phase-lock-loop (PLL) arrangement having various aspects 
of phase modulation and phase adjustment. In one embodiment the PLL involves 
fractional-N frequency division. 

BACKGROUND TO THE INVENTION 

Mobile communication systems require high frequency power amplifiers for both 
base station transmitters and portable units carried by users. These amplifiers 
operate most efficiently at saturation in the non-linear range of their input/output 
characteristics. Efficiency is important for battery life and weight in the portable 
units while linearity is important for base stations with multiple carrier transmission. 
A number of techniques have been developed to compensate for non-linear amplifier 
operation. Techniques involving modulation feedback from the amplified signal can 
be divided in two groups depending on how the modulating signal is represented in 
the baseband. Cartesian amplification systems apply a feedback signal to quadrature 
components of the modulating signal. Polar loop amplification systems are based 
on EER techniques with addition of envelope and phase feedback arrangements. 
The phase feedback forms a PLL although envelope feedback alone may be used. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide for improved amplification systems 
based on EER techniques. In one form the invention implements largely digital 
rather than analog processing methods to determine envelope and phase information 
from a modulating signal and provide feedback from the output signal. In another 
form the invention implements a PLL with phase modulation by way of a fractional- 
N divider. 
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Accordingly in one aspect the invention may broadly be said to consist in an 
amplification system for a radio transmitter comprising: a processor which 
determines envelope information and phase information from an input signal, a 
phase-locked-loop which generates a substantially constant amplitude signal having 
phase modulation determined by the phase information, and an amplifier which 
generates an output signal from the constant amplitude signal having amplitude 
modulation determined by the envelope information. 

In another aspect the invention may be said to consist in an amplification system for 
a radio transmitter comprising: a processor which determines envelope information 
and phase information from an input signal, and a phase-locked-loop controlled by 
the processor which generates a radio frequency output signal containing the 
envelope information and the phase information, wherein the phase-locked-loop 
includes a frequency divider which causes phase modulation of the output signal 
according to the phase information. 

In another aspect the invention may be said to consist in an amplification system for 
a radio transmitter comprising: a processor which determines envelope information 
and phase information from an input signal, and a phase-locked-loop controlled by 
the processor which generates a radio frequency output signal containing the 
envelope information and the phase information, wherein the phase-locked-loop 
includes an amplifier which modulates the amplitude of the output signal according 
to the amplitude information. 

In still another aspect the invention may be said to consist in an amplification system 
for a radio transmitter comprising: a processor which determines envelope 
information and phase information from an input signal, and a phase-locked-loop 
controlled by the processor which generates a radio frequency output signal 
containing the envelope information and the phase information, wherein the 
processor modifies the envelope information or the phase information according to 
feedback from the output signal. 
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The invention may also broadly be said to consist in any alternative combination of 
features which are suggested in this specification. All equivalents of these features 
are included. 

BRIEF LIST OF FIGURES 

Preferred embodiments of the invention will be described with reference to the 

drawings of which: 

Figure 1 schematically shows a radio transmitter with amplification of a 

signal by a polar loop feedback system, 

Figure 2 shows an amplification system according to the invention, 
Figure 3 shows a PLL arrangement for use in the system of Figure 2, 
Figure 4 shows an alternative amplification system according to the 

invention, 

Figure 5 shows a PLL arrangement for use in the system of Figure 4, 
Figure 6 shows a digital envelope feedback arrangement, and 
Figure 7 shows an analog envelope feedback arrangement. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Referring to the drawings it will appreciated that the invention may be implemented 
in various forms and that these embodiments are described by way of example only. 
Details of existing mobile communication systems will also be known to a skilled 
reader and need not be given here. 

Figure 1 shows EER implemented in a traditional polar loop system. An incoming 
RF signal I is converted by analog block 10 into polar signals 0, r respectively 
containing phase and envelope information. A phase controlled loop including 
power amplifier 11 operating in saturation then generates an output signal S 
according to the information for transmission by antenna 12. The phase controlled 
loop forms a PLL which receives signal 0 and provides a constant amplitude signal 
to the non-linear amplifier. A power supply to the amplifier receives signal r and 
thereby controls gain of the amplifier to restore envelope information and produce 
signal S. The PLL includes a phase comparator or detector 13 which compares the 
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phases of signal 0 and feedback from signal S to determine the frequency of a 
voltage controlled oscillator 14. The oscillator in turn provides the constant 
amplitude signal to the amplifier. Signal r is also modified by addition in block 15 
of feedback from signal S. The feedback arrangement includes an optional 
frequency downconverter 16 followed alternatively for signals 0, r by an amplitude 
limiter 16 and envelope detector 17. 

Figure 2 shows one embodiment of an amplification system based on EER according 
to the invention. A digital sub-system or processor arrangement 20, such as a DSP, 
determines phase and envelope signals P and E from an incoming signal.B. A power 
amplifier 21 generates an output signal S which contains B modulated on a radio 
frequency carrier. A PLL frequency synthesiser 22 containing a frequency divider 
such as shown in Figure 3 forms a phase modulation path which feeds the amplifier. 
An envelope modulation path varies the amplifier gain by way of a modulator 23, 
which may be a power supply to one stage of the amplifier for example. The digital 
sub-system also preferably determines a phase offset signal O provided to the PLL 
over an offset adjustment path as described further below. This provides a fine 
adjustment of the phase of signal S if required to compensate distortion, and also 
equalises discrepancies between the phase and envelope modulation paths. A 
feedback arrangement including detection of envelope and/or phase distortion in 
signal S preferably provides a feedback signal F for the digital sub-system. A 
detector and ADC system 24 may be implemented in various ways either separately 
or incorporated partly in the sub-system. An alternative embodiment in which the 
amplifier forms part of the PLL is described in Figure 4. 

Figure 3 shows a PLL arrangement having a frequency divider which could be used 
in the embodiment of Figure 2. The arrangement produces an output signal having 
a 'frequency which is an integer or fractional multiple of a reference signal and which 
is modulated according to the phase signal P. A voltage controlled oscillator 30 
receives a control signal from phase comparator 31 by way of loop filter 32, and 
produces a constant amplitude output for the amplifier 21. The loop filter generally 
integrates an output provided by the comparator according to phase differences 
between a reference signal from frequency reference 33 and a feedback signal from 
the controlled oscillator. A phase offset may be introduced between the reference 
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and feedback signals by signal O from the digital sub-system 20, according to 
feedback from amplifier 2 1 . This may control the action of an additional current 
source or sink at the input to the loop filter, for example. A frequency divider 34 
under control of a modulator 35 introduces phase signal P from the digital sub- 
system. The modulator is preferably a sigma-delta arrangement which determines 
an instantaneous integer value N for the divider in accord with a clock signal from 
the output of the divider. Signal P forms a digital control word for the modulator. 

Figure 4 shows another embodiment of an amplification system based on EER 
according to the invention. The arrangement is generally similar to that of Figure 
2 except that some or all of the stages represented by amplifier 21 and fed by PLL 
22 are now included within PLL 40, such as shown in Figure 5. This has an 
advantage that AM-PM phase errors caused by the amplifier stages are inherently 
corrected, so that there may be less requirement for a phase adjustment by offset 
signal O to compensate distortion. The signal may still be required to equalise 
discrepancies between the phase and envelope modulation paths. Coarse adjustment 
by a full cycle of the digital sampling period might still be required. On the other 
hand delay around the loop may be increased with loss of stability and possibly 
smaller bandwidth. Inclusion of amplification stages introduces additional delay in 
the loop. The gain and therefore bandwidth must be reduced to maintain stability. 

Figure 5 shows a PLL arrangement having a frequency divider which could be used 
in the embodiment of Figure 4. The arrangement is generally similar to that of 
Figure 3 except that power amplifier stages 51 being some or all stages of the 
amplifier 21 in Figure 2, are included in the loop. Envelope information from the 
digital sub-system 22 is used to modulate the gain of the amplifier stages by way of 
signal E as before. A limiter 52 is also included to remove the envelope information 
from signal S before input to the divider 34. The limiter may form part of the input 
circuitry of the dividers, such as a high gain differential input of the kind found in 
pre-scalers commonly used in frequency synthesisers. 

Figures 6 and 7 show digital and analog systems for obtaining envelope feedback 
from the power amplifiers 21 or 51 to determine a signal F for the digital sub-system 
20. Digital feedback generally requires an envelope detector 60 which may be 
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implemented in many ways. ADC 61 and DAC 62 are also generally required. 
Typically the amplitude modulator is a switching type to which the digital signal is 
directly applied. A combination function 65 of the feedback information with 
envelope information from the incoming signal B may then be used to form signal 
E for modulation of the amplifier. Analog feedback also requires an envelope 
detector 70. A combination function 75 of the feedback with the envelope 
information takes place outside the digital sub-system before formation of signal E. 

Further feedback of distortion information may be provided by one or more signals 
F as shown in Figures 2 and 4, in addition to or instead of phase or envelope 
feedback. This would enable pre-distortion of the envelope and phase information 
signals E and P. Processing to determine channel power or bandwidth effects might 
be used in signal S, for example. 
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CLAIMS: 

1 . An amplification system for a radio transmitter comprising: 
f a processor which determines envelope information and phase information 
from an input signal, 

aphase-locked-loop which generates a substantially constant amplitude signal 
having phase modulation determined by the phase information, and 

an amplifier which generates an output signal from the constant amplitude 
signal having amplitude modulation determined by the envelope information. 

2. A system according to claim 1 wherein: 
the phase-locked-loop includes a frequency divider which is modulated 

according to the phase information. 

15 3. A system according to claim 2 wherein: 

the frequency divider is modulated by a sigma-delta modulator which is 
controlled by the processor. 

4. A system according to claim 1 wherein: 
the phase-locked-loop includes a phase comparator in which a phase offset 

between a reference signal and a feedback signal is adjusted by the processor. 

5. A system according to claim 4 wherein: 
the processor adjusts the phase offset of the comparator according to 

feedback from the output signal from the amplifier. 

6. A system according to claim 1 wherein: 
the processor modifies the envelope information according to feedback from 

the output signal from the amplifier. 
30 

7. A system according to claim 1 wherein: 

the processor modifies the phase information according to feedback from the 
output signal from the amplifier. 
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8. An amplification system for a radio transmitter comprising: 

a processor which determines envelope information and phase information /' 
from an input signal, and j 

a phase-locked-loop controlled by the processor which generates a radio 
frequency output signal containing the envelope information and the phase 
information, 

wherein the phase-locked-loop includes a frequency divider which causes 
phase modulation of the output signal according to the phase information. 

9. A system according to claim 8 wherein: 

the phase-locked-loop includes an amplifier which causes amplitude 
modulation of the output signal according to the envelope information. 

10. A system according to claim 8 wherein: 

the frequency divider includes a digital modulator which operates in response 
to a control word received from the processor. 

11. A system according to claim 8 wherein: 

the processor predistorts the phase modulation of the output signal according 
to the envelope information and feedback from the output signal. 

12. A system according to claim 1 1 wherein: 

the processor predistorts the phase modulation of the output signal by 
modifying the phase information. 

13. A system according to claim 1 1 wherein: 

the processor predistorts the phase modulation of the output signal by 
modifying the phase offset of a phase comparator in the phase-locked-loop. 

14. A amplification system for a radio transmitter comprising: ~T 
a processor which determines envelope information and phase information I 

from an input signal, and J 
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a phase-locked-loop controlled by the processor which generates a radio 
frequency output signal containing the envelope information and the phase information* 

wherein the phase-locked-loop includes an amplifier which modulates the 
amplitude of the output signal according to .the amplitude information. 3 



15. An amplification system for a radio transmitter comprising: 

a processor which determines envelope information and phase information 

from an input signal, and 

a phase-locked-loop controlled by the processor which generates a radio 

frequency output signal containing the envelope information and the phase 

information, 

wherein the processor modifies the envelope information or the phase 
information according to feedback from the output signal. 



16. An amplification system substantially as herein described with reference to 



the accompanying drawings. 



17. 
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